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1. INTRODUCTION 


Bhewopgective or thas program is to obtain engine’ perfor- 
mance data for estimating fuel economy and emissions for varied 
engine service and duty. The intent of the work done at the 
Bartlesville Energy Technology Center is to provide basic engine 
characteristic data required as input for engineering calcula- 
tions of fuel consumption and emissions involving ground trans- 
portation. 


The data acquired from tests of a 1977 Chrysler 318-CID, 
Mmencines are presented in) this report. Chrysler jused «this 
Baeercubareengine tin the (1977 forty-nine states production of 
the Plymouth Fury (equipped with automatic transmission). Simi- 
lar versions of this engine are used to power vehicles in the 
POOUMiD cout, 500 1b tinentia weight class .,; The test results: are 
sufficient to establish steady-state maps for fuel consumption 
and exhaust emissions (carbon monoxide, unburned hydrocarbons, 
niGmOxtdes Of Nitrogen) over the entire operating range of the 
Sniper e's 


oo ASME: WEST NSP OR 


The engine test setup included a complete engine (SAE de- 
finition) coupled to an eddy-current dynamometer. A cooling 
tower was used in place of the fan and radiator. The alter- 
nator was included but was not wired into the engine's electri- 
cal system. Emission control systems included exhaust-gas- 
recirculation, positive crankcase ventilation, aspirated air, 
and an oxidation catalyst. The manufacturer's engine specifica- 


tions are. listed in slable ris 


Prior to testing, the engine was operated at various speeds 
and loads (designed to approximate road/load conditions) over a 
40-hour period for "break-in. A single batch of unleaded regular 
grade gasoline was used throughout the engine break-in and tests; 
an analysis’ of the’-ftuel is given in fable 2. Details on the 
break-ins schedutle ane civen an: Table 5" Tine engine tests began 
on July2ok27 soy 7 anidsended: om Wwihy 2 Ono ile 


The engine was tested while operating at the following 
steady-state modes: 
Speeds: T1000; Ts00. 1. 600s 22 000R Ze sO aor. 0100r 
3,500; 4,000 rpm 
Loads: 0. LOA 253) 405 sO0k 7 S90 0 0 ceronea util 
lioad (0% 105 25, 405 vand 375 per porns mwere 
repeated at each engine speed). 


Idle speed-load modes: 800 rpm -- 0, 20, 40 Ib-£t 
600) rpm = 40 Tbe 


Over speed point: 4,500 rpm--100 pee of aut toad 
The folllowing data were recorded) Tonjedch esc pomntc: 


Test number 
Date, 
Barometric) pres sume. aminimrs 


Dew poante. «& 


Inlet air temperature, °F 


speed, rpm 
honquen lb-ft) -— Daytronics strain gauge load cell 
Rucierace, lb/hr ---Fluidyne, positive displacement fuel 


flow meter 


ienitvony timing, “BIC 


Manifold vacuum, in. Hg 


Throttle angle, degrees 
CO, pct -- Beckman, NDIR 
CO,, pct -- Beckman NDIR 


O,, pet -- Beckman polarographic detector 
HC, ppmC -- Beckman flame ionization detector 
NO,, ppm -- Thermo-Electron chemiluminescent detector 


Oil temperature, °F 


Oilepressure, psig 


Coolant temperature, °F 


Exhaust temperature, °F 


Exiaust pressure, in HO 


Intake manifold temperature, °F 


The following equations were used in calculating power, 


air-fuel ratio (A/F), absolute humidity, and mass emission 
rates of carbon monoxide (CO), unburned hydrocarbons (HC), and 


oxides of nitrogen (NO,): 


1 


Partral pressure of water vapor) in iintake ‘air 


(millimeters of mercury): 


P = exp | 38.727 : meas 


where D = Dew point, °F 
Absolute humidity (grains moisture per pound dry air): 


4347.8(P) 


es te. D 


Where wb sarOnetr1e pressure, mm hg 


Humidity correction factor (dimensionless): 


a 1 
A ee SOL ACES) 


Note: Thais factor 1s used to connect eche sNOemmasis 
emission rate to a standard humidity of 75 
grains moisture per pound dry air. 


Stoichiometric air/fuel rate (dimensioniess): 


AF, DONG e/g aye) 
Weed 


= 
= 
co) 
8 
co) 
x 
N 


Hydrogen-carbon ratio of fuel 


Oxygen-carbon ratio of fuel 


uma) 
7 
io) 
ht 
iT} 


Fuel molecular weight per carbon atom 
byAR OBES AS WO OOY I is< suse ko gOQOOOy 


Hydrogen concentration in raw exhaust (percent): 


2 exi( CO) (CO. CO.) 
Bo ACO). ae 3CO, ) 


H 


where CO = Carbon monoxide concentration (percent) 


CO.= Carbon dioxide concentration (percent) 


Note: | This’ equation assumes’ a water-gas shire 


equilibrium constant: 


(CO) (4,0) 
(C05) (5) a 


Correction factor for emission concentrations from 


wet basis to dry basis (dimensionless): 
= 100 


Note: In these tests only HC is measured on a wet 
basis. All other species are measured on a 


dry basis. 


Ta 


iL Oe 


Air-fuel ratio (dimensionless): 


Xx x NOx 
AB, Ca EO) a #5 -y) (COD) +9202) + T54 - Hp 
07 2S a aA ec ee 


CO + CO, + Cy CHE/A0") 


where O, = Oxygen concentration (percent) 


Zz 

(@) 
>< 
i} 


Oxides of nitrogen (ppm) 
HC = Unburned hydrocarbon concentration (ppmC) 


Exhaust flow (pounds per hour): 


M = Mp (1 + AF) 


EX 
where Me = fuel flow rate (pounds per hour) 


Carbon monoxide mass emission rate (grams per hour): 


MWg aCOn st Me 
Ma, = = rs s 7 e555 912.5 7, 
CO MW, %CO + %CO> + CCH) 
MWoo = Molecular weight of CO (28.01055) 
MW, = Molecular wetehtoor suet, (12  OlTiTS + 


HRO079TX + 16 500000, ) 
Fuel rates in l1bs/hour 
HC) ppm) /10° 


oS 

a) 

‘o 
nou 


Unburned hydrocarbon mass emission rate (grams per 


how): 


2 *& x 
: ge 7A oHC Me Cy 


} = * 72 
Muc Vv, ECO * ECO, + C_CSAC 453.59237 


3 
| 


ne = Molecular weight of hydrocarbon 
LA sOULUS. - WOO egnce sho 5 OOOO hs 


ILIb6 


Mas 


Oxides of nitrogen mass emission rate (grams per hour): 


MWasg @NOx * Me 
= = * * k 
NOx MW TCOMmP mic a C = A551 SIC OW, Ky 


NNNOx = Molecular weight of NO, = 46,0028 


Power (brake horsepower corrected to a standard baro- 
metric pressure of 736.6 mm Hg and a standard tempera- 
tune o£ (815°) Fi: 


Hp = (NS Sone t + 460 
Sons) B- P Toss 


where N = Engine speed (revolutions per minute) 
= Brake torque (foot-pounds) 
= Air temperature (°F) 


= Barometric pressure (mm Hg) 


WO WwW ct +r 
t 


= Partial pressure of water vapor in intake 


air (mm Hg) 


SED US CUS ST ONRO Ren ESM ORE SULTS 


The peak value of corrected brake horsepower was found at 
the engine speed noted in Table 1, but was slightly lower than 
the quoted value. The maximum torque produced by the engine 
SEECcemweatiuetne; value listed in Table 1. The brake specific 
fuel consumption (bsfc) of this engine operating at wide-open- 
throttle (WOT) is shown plotted as a function of engine speed 
in Figure 1. The engine speed at which minimum values of bsfc 
were attained coincide with the engine speed at which peak 
torque values were achieved. 


The fuel consumption rate was found to be nearly a linear 
function of brake horsepower (Figure 2) for each of the engine 
speeds considered. The A/F ratio was maintained at conditions 
Slightly leaner than stoichiometric for light loads, and became 
enriched as the power demand increased (Figure 3). The actual 
Gombustion chamber stoichiometry is not reflected in all of 
the A/F measurements due to the introduction of aspirated air 
into the exhaust gas stream at some speed and load conditions. 
Typically, the aspirated air was introduced at light load and 
iowmeengine speed Conditions. The emission rates of CO were 
Maintained at low levels for those engine operating points with 
overall lean A/F due to the action of the oxidation catalyst 
(Figure 4). The unburned HC emission rates exhibited trends 
Similar to those of the CO, in that the oxidation catalyst 
Maintained low emission rates at each of the engine operating 
conditions in which there was oxygen available in the exhaust 
stream (Figure 5). The NOx emission rates were found to be 
mepeataple at each of the steady-state operating points tested 
PxccpiiemwieneA, Fawas neanistoichiometric.. In such cases, it was 
not uncommon to find reductions of the NOy emission rate across 
Enewcataivst (Figure 6); this was the case with the 75 percent 
load/1,600 rpm test points. 


ae GLOSURE 


The experimental work to obtain performance data for the 
Chrysler 318-CID engine has been completed; these data are 
presented in the tables accompaying this report. 


TABLE 1. MANUFACTURER'S ENGINE SPECIFICATIONS 


EY SDIASAMANES ASUOTG! nie SC a 318 
Maximum horsepower, bhp @ 4,000 rpm.................. 140 
Naraimunmconaue wlDonitme 1600) -rpMicvee on. a ee 235 
BORCmanGeSenOKes IMGCNES.. o. . ccc cc cele so we eres oe es 3.91 and 3431 
SOA TUF ETOMS 6 & eS as eee a ate a ea aa 90° v, 8-cylinder 
CSMTOFSSS OM PANO scale BA5 
FT PTAS OPCS’ so Su cee eee ee 8-4 -3—b-5eiae 
Ignition timing at idle speed, °BIDC @ 850 rpm....... 8 
ENDER MCORP IE so .8'Sro oer eee Ieee teen Cast iron 
FIBA] MENESINUGUH c chs sgieh aS oie ee ee Cast iron 
Numbersof erankshalt main DearingS...........c0. @..- 5 
NUMBeRAOn COMPEESSION TINGS/PISTON........ 2. ac.» 2 
RUMBeEMOMOMMmUMGS/ PISTON. 05). . 2.2 2 oc ee cle also coctaye Shes zl 
EDM CEP WA WR, Seta ene ast er Chain 
Valve lift: 
Me CMMAINGINE SE he etre Sis oisca jad ofSial a akon thot eeee ole eh ee 0.373 
ERINCMISIOMMETIMGINEOS 380 aieis < clks Sisdaeccie eb e bSie os doomspemebane & 0.400 
Valve timing: 
IMMEICCMOD EMS DUC et. cia ae ads Swe loseas & dic ols a ae 10 
Mneakementosese, GABCe ec ee te ee ee 50 
EXO USIeODEIISH BOG esc mee GI Se Re Ie 52 
ExivaWiciemGOosiesin (CAIGs. 0) at ee ele ne cele 16 
SPaigMEPHUGMGAD se: AMEMOS sc 66 leas al cicl es ate aoa ale els 02035 
EMM OM MOM NCD Seas «, oe 6 sts Rk tnece eb met ane eh widialt w wie e Gla s 5/5 
Exhaust-gas-recirculation system: 
NGI OMBAV IIDC ret. errata Vate sanity Aiarayol aieate, eilauensueveiaie ss Poppet 
POMOMMESMGMN Atay Sarre So crate ay ais he eusteud wie ate ees eters Amplified manifold 
and carburator 
vacuum 
LONPMEMONMCISEMARGGy: <tc c-0 cs od sls e Ga ae bees be Intake manifold 
Crankcase emission control: 
WomMmaGROMMMee NOC. vale con ans chs dean ha dc eee Ge ele ees Positive crankcase 
ventilation 
COMM MONMICNS MANGE 26 ie 3.4 ae cleric els seb eases oles Intake manifold 
CAP IUPSOR TOG ais a a eeeeats oe Ae Seen Siena era one ee ara 2-bb1 downdraft 
Distributor specifications: ? 
Centrifugal advance, begins, ° @ 600 rpm........ eZ 
Centrifugal advance, intermediate, 
2 2 CEO otis d 6 we obit Ae See Oe en ly ene 255 
Centmimugal advance, full, ° © 2,300 rpm..:..... 8.6 
Wacuummadvance, begins, ° @ 8 im. Hg...........-. ey, 
Vacuum advance, maximum, ° @ 13.5 in. Hg........ all 
CaP OUPE COR MUMOO RSS eee se ieor cie oe ae te ae 30637766 
EG Weill WS! UNDG es ah ee ieee en 3874909 


DU SWPTSUOP | Ulery ae se ee nc 4095302 


1Distributor degrees at distributor rpm. 


TABLE 2. ENGINE BREAK-IN SCHEDULE 


Simulated speed, Engine speed, Intake manifold Fraction of time 
vehicle, mph rpm vacuum, in. Hg in mode 
Idle 800 20 1/10 
20 1,000 LORS C 
30 1,300 14 : 
40 1,600 Jia : 
50 S50) aa y 
60 2200 MS i 
25 150 Is) e 
35 1,450 W225 K 
45 1,800 11 " 
55 2,100 TORS i 


oe enn oneness rarer tne 20. es 9 Se eM SN ee ORO adios eel ea No) SN 
Mileage per cycle = 90 miles. 
Total mileage accumulated over 40-hour break-in period = 1,440 miles. 


0) 


TABLE 3. FUEL ANALYSIS 


PLDT NO so §6'5 dale 6 ake ee ee nn One el SRNR 7619 
Researen OCCANCMNO.... 2c... ee elec. ees S15 
MoworsoctanesNome.. ooo. es ees 83r5 
SPOGINMIGH GRANT EY ou kee tn Oe 6! 
Amlegnavity, degrees... koe kl. 66.1 
Distillation, °F: 
MOR pGMevaponrated.. 62.54 Baksh 128 
S0hpct 1 sea cag iar eae Oe a 218 
95) pct eG SP al eosin coe 404 
100 pct a RP a, VEG ge igen 417 
ReVdavaDor presslire, psig. ..2. 5°22" g55 


FIA analysis, pct: 


[SPOLETO RGA a ote oe On ate AN ae 6 
OT) SF Ue Ae are yh PaeON le SA eR es Ly, 
PELE ET ISIS wiles ns Ana Ra carane T8G NNR HY 
SUNMMU MED Gib eae sro cieMeT A dlls SR bCevna! 0.024 
Keade Grams per gall lOns 2... ...6¢. 5. Trace 
Hydrogen/carbon atomic ratio......... 2.040 


—_—_—_ ere a 


lt 


for 
= 125 
Cc 
= 100 
(en) 
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FIGURE 1. BRAKE SPECIFIC FUEL CONSUMPTION, TORQUE, AND BRAKE 
HORSEPOWER VERSUS ENGINE RPM AT WIDE-OPEN-THROTTLE-- 
CHRYSLER 318-CID ENGINE 
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BRCURE Z-) FUEL) RATE VERSUS. POWER AT VARIOUS SPEED AND LOAD 
CONDITTONS--~ CHRYSLER, 318-C€ID ENGINE 
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FIGURE 3. AIR-FUEL RATIO VERSUS POWER AT VARIOUS SPEED AND 
LOAD CONDITIONS--CHRYSLER 318-CID ENGINE 
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FIGURE 5. HYDROCARBON EMISSIONS VERSUS POWER AT VARIOUS SPEED 
AND LOAD CONDITIONS--CHRYSLER 318-CID ENGINE 
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